behaviour of the event are difficult to explain within the current internal or reverse shock models. These observations lead us to emphasize the similarity of GRB 050904 with GRB 990123, a remarkable gamma-ray burst whose optical emission reached 9 th magnitude 4 . While GRB 990123 was, until now, considered as a unique event, our observations suggest the existence of a population of GRBs which have very large isotropic equivalent energies and extremely bright optical counterparts. The luminosity of these GRBs is such that they are easily detectable through the entire universe. Since we can detect them to very high redshift even with small aperture telescopes like TAROT, they will constitute powerful tools for the exploration of the high-redshift Universe and might be used to probe the first generation of stars.
On September 4 th , 2005 , at 01:51:44 UT, the SWIFT satellite detected GRB 050904 with its Burst Alert Telescope (BAT). The alert was distributed via the Gamma-ray burst Coordinate Network (GCN) at 01:53:05 UT. Five seconds later,
TAROT (Télescope à Action Rapide pour les Objets Transitoires -Rapide Action
Telescope for Transient Objects), a 25cm robotic telescope located on the plateau du Calern in Southern France 3 started to observe the field. In the meantime SWIFT slewed to the source direction. Observations with its narrow field instruments (XRT, the X-Ray
Telescope, and UVOT, the UV/Optical Telescope) started about 160 seconds after the burst triggered the instrument. Large telescopes started to image the field three hours later and discovered a bright, fading near-infrared source 1, 5 . The lack of counterpart at visible wavelengths was quickly attributed to the Lyman alpha absorption in a highly redshifted source 6 . The Subaru telescope was used to measure the spectroscopic redshift of the source 7 to be z=6.29. To date GRB 050904 is the gamma-ray burst with the highest measured redshift and the farthest cosmological source ever observed with a small (25cm) telescope.
TAROT acquired data from 86 to 1666 seconds after the trigger. Twenty-two unfiltered images were recorded with exposure times varying from 15 to 90 sec (as time passes, the exposure time was increased to optimize the sensitivity). The first images were acquired while the burst was still active at gamma-ray energies. In order to increase the signal to noise ratio we co-added these images and computed a series of six frames which are called T1-T6 below. Table 1 gives the main characteristics of the data. The optical transient is detected in images T2, T3 and T4, i.e. from 150 to 589 sec after the trigger. Figure 1 displays the optical transient as seen in an 828 second long coadded frame (T2-T5). Because of the high redshift of the source and of the quantum yield of the CCD camera, the recorded photons lie all in the range from 880 to 1000 nm.
In order to compute magnitudes relative to a standard system we used the 80 cm telescope of the Observatoire de Haute-Provence during the night of September 12 th , 2005 , to measure the VRI magnitudes and the spectrum of three nearby stars. Then we deduced the spectral type of these stars and we modelled the flux ratio of the GRB relative to the stars for the unfiltered TAROT images. We assumed a spectral shape f ν ∝ ν -0.7 for the GRB spectrum. We checked that the flux values are rather insensitive to the spectral index of the GRB: uncertainties of +/-0.5 on the spectral index induce errors lower than 20% on the estimated flux at 9500 Å, thanks to the narrow range of wavelength used by the detector to measure the flux received from the source. The observations reported here provide the only optical detections available for GRB 050904 during the first minutes after the trigger; they offer a continuous coverage of the prompt emission, of the reverse shock and of the early afterglow.
In order to obtain the broad-band spectrum of the burst, we also analyzed X-ray data collected by the SWIFT XRT instrument. SWIFT XRT data were extracted using the XRT Tools version 2.1 and standard filtering criteria The temporal evolution of the optical emission is displayed in figure 2 , along with the X-ray light-curve. The optical emission can be described as a gradual increase of the optical emission during the first 150 seconds of the prompt emission (T1) followed by a plateau lasting 250-300 sec (T2-T3); a bright flare takes place before the end of the prompt gamma-ray emission b (T4). We marginally detect the optical transient after the end of the prompt emission with a signal to noise ratio S/N = 3.2 for 380 sec (T5). This emission is not detected in the subsequent time interval lasting 680 sec (T6). Taking the trigger instant as the origin of times, the rapid decrease between T4 and T5 implies a decay index greater than 3. We computed the flux expected from the backward extrapolation of the afterglow measured from 3 to 12 hours after the burst 2,5 (dotted line): the peak of the actual optical emission exceeds the flux computed from the afterglow extrapolation by a factor of five at least. This should be considered as a lower limit since the interval containing the peak of the optical emission is integrated over 140 sec.
Four gamma-ray bursts have been observed at optical wavelengths while the highenergy source was still active: GRB 990123 at z=1.60 4 , GRB 041219a 9 , GRB 050401 at z=2.90 10 , and finally GRB 050904 at z=6.29 which we present here. All these events b In this analysis we follow Cusumano et al. 2005 1 , considering that the prompt emission ends after the bright peak which culminates 467 sec after the trigger.
exhibit variable optical emission on short time scales. The flux density at the maximum of the optical emission are respectively 1080 mJy (V band), 10 mJy (R band), 0.6 mJy (R band), and 48 mJy (I band). These numbers translate into 1080, 3.1, 2.6, and 1300 mJy if we scale the four gamma-ray bursts at z = 1.60, the redshift of GRB 990123; here we assume that GRB 041219a has a redshift of z=1 and we neglect any k-correction.
Taken at face, these numbers show that the optical flares associated with GRB 050904
and GRB 990123 were very bright. In both events the optical flare is detected near the end of the prompt emission (right after a high energy peak) and exceeds significantly the backward extrapolation of the late-time afterglow. At redshift z=1.60, the magnitude of the flare detected by TAROT would have been comparable with the one of the optical transient associated with GRB 990123. Other similarities between these two bursts include a high rest-frame peak energy (2000 keV for GRB 990123, and >1500 keV for GRB 050904), and a large isotropic-equivalent energy release (2.8 10 54 erg for GRB 990123, and ~10 54 erg for GRB 050904). A major difference between both events may be the plateau observed for GRB 050904 during the gamma-ray event (T2-T3), both at X-ray and optical wavelengths. This feature is not apparent on the ROTSE data from GRB 990123. This is easily understandable since the TAROT dead time between two consecutive exposures was only 5 seconds while it was 20 seconds for ROTSE.
This makes the absence of the plateau in GRB 990123 inconclusive.
The simultaneous observations of SWIFT and TAROT allow the measure of the broad-band spectrum of GRB 050904 and its evolution. Figure 3 displays the νfν spectra computed for intervals T2 to T6 of Table 1 . We can derive several features from these spectra: i) during interval T2 the slope of the X-ray spectrum (-1.19+/-0.09) is compatible with the spectral slope measured in gamma-rays with BAT (α = -1.22+/-0.1); ii) the substantial hydrogen column density, in excess of the galactic value, apparent during intervals T2 and T3 disappears afterward ; finally, iii) the optical emission stands well above the extrapolation of the X-ray spectrum, even if we deconvolve for the absorption. This last feature was also observed in GRB 990123 4, 11 . It strongly suggests a distinct origin of the optical emission. The optical emission of GRB 990123 has been explained by reverse shock emission. However, as shown above, ROTSE might have not seen the plateau, if present. In the case of GRB 050904 the reverse shock would have started between intervals T1 and T2, about 150 sec after the trigger (20 seconds in the rest-frame). A long lasting optical emission could be produced when the reverse shock propagates into the various layers of the ejecta 12 . Moreover, in the reverse shock interpretation of the optical emission, we have to admit that the temporal coincidence of the optical flash with an X-ray peak, which is part of the prompt emission, is fortuitous. Alternatively, this coincidence could find a natural explanation if the optical emission is attributed to the prompt emission. This second hypothesis could also explain the rapid disappearance of the optical emission at the end of the prompt emission. However, in that case we should observe a plateau also in the gamma-ray band, while we do not. Moreover, in the internal shock model the time profiles at high and low energy should be coincident, which is obviously not the case and the spectrum clearly displays two different components, having a different behaviour in X-ray and optical wavelengths. This is clearly illustrated by the slope of the broad-band νfν spectrum (between 950 nm and 1 keV), which is +0.27 +/-0.05; +0.22 +/-0.05; -0.33 +/-0.05 during T2, T3, and T4, respectively. In our view, these arguments argue against the prompt emission interpretation. These observations demonstrate that continuous joint optical and X-ray coverage with a time resolution of several seconds is one of the keys to understand the origin of the GRB prompt emission and of the early afterglow. Given the intrinsic brightness of GRB 050904, the measure of accurate optical light curves was within the reach of 1 meter class robotic telescopes working in the optical and in the near infrared. If GRB 050904 were at redshift unity, TAROT would have produced detailed time-resolved observations of the prompt emission.
The lack of bright optical transients, similar to those of GRB 990123 and GRB 050904, for the majority of GRBs at redshifts 1 or 2, implies that optically bright GRBs (hereafter OB-GRBs) are uncommon 13 . Since we do not understand the nature of the prompt optical emission it seems difficult to identify the factor(s) responsible of its brightness. We note however that GRB 990123 and GRB 050904 have in common large isotropic equivalent energies and very high intrinsic peak energies (about 2 MeV). It is also interesting to notice that while at very different distances, the optical behaviour of both events is remarkably similar. Two events are not sufficient to conclude whether the bright optical emission is always associated with very high peak energies or whether we must call upon other factors, like a different environment and/or distinct progenitors.
However, the TAROT observations show that GRB 990123 was not a once-in-a-lifetime event. The existence of GRBs with bright optical afterglows has many important consequences: i) bright optical flares can be monitored with temporal resolutions of the order of the second, a sampling which is essential to understand the origin of the prompt optical emission; ii) the detection of OB-GRBs at high redshift may be the best way to hold the promises of GRBs for cosmology, since the measure of GRB redshifts beyond redshift 5 requires intrinsically bright optical and infrared emission; iii) finally, the importance of OB-GRBs is confirmed by the fact that GRB 990123 was the first GRB for which the prompt optical emission could be detected, while GRB 050904 was the first GRB at redshift >5 whose redshift could be measured and whose light curve could be studied in details. Thanks to the combination of high-energy space experiments and of the expected increasing coverage of fast robotic telescopes devoted to the follow-up at optical and near infrared wavelengths we expect that more breakthroughs will result from the detection of new optically bright GRBs in the future.
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